The effect of 3-D geology on conductive heat flow was investigated using the finite element technique on two models from SW England, one a regional model centred on the Comubian batholith as a whole and the other a more detailed model centred on the Cammenellis pluton. Only two rock types, granite and country rock, were used to represent the geology of the region and yet good agreement between modelled and observed data was obtained provided that the granite was assumed to be highly homogeneous, with surface heat production values persisting throughout its depth, and the base of the batholith was assumed to be flat at a depth of 15 km.
INTRODUCTION
The temperature field at depth is a parameter of crucial importance in the exploitation of geothermal energy. In the absence of actual temperature data-extremely expensive and often logistically impossible to acquire over large areas-numerical modelling of various kinds is commonly resorted to for temperature predictions. The quality and reliability of such predictions will obviously depend upon the accuracy of the input parameters as well as on the simplifying assumptions that have to be made in the modelling. The work presented here highlights the importance of taking into account the 3-D nature of the geothermal area to be modelled, using two models based on the well-known high heat flow anomaly in SW England: a regional model and a more detailed one.
The Cornubian batholith in SW England, and the Cammenellis pluton area in particular, have been of great interest in recent years from a geothermal perspective because of the development of the hot dry rock (HDR) project there. Also, this region encompasses probably the single most extensively explored batholith in the world, at least in terms of the density of heat flow measurements (Fig.  1 ). All this makes it an ideal region for model studies, in that relatively good constraints can be placed on the physical parameters used in the input to the model and the results of modelling can be checked against the large range of surface data as well as actual measurements in deep boreholes. The temperature predictions can themselves be useful in the selection of sites for further HDR development.
The high heat flow associated with the Comubian batholith is believed to be caused by the large volume of granite containing heat-producing elements, rather than being the effect of deep circulation of fluids within or below the intrusion. Earlier 2-D numerical models have successfully explained the general features of the observed heat flow patterns using conduction as the only mode of heat transport (Wheildon et al. 1980) . However, these Francis 1980) models have failed to match some of the significant details in the observed heat flow pattern; models including shallow convection have been equally unsukcessful (Fehn 1985) .
In the work reported here the regional model demonstrates that a simple 3-D distribution of heat production and thermal conductivity is all that is necessary to explain the general features of the observed heat-flow pattern especially over the granites, although some of the country-rock heat flows are probably affected by localized fluid flow. The second model, a detail of the first, allows a closer comparison of observed and modelled data along a heat flow 'profile' and is also used to predict the temperature field at depth.
THE NUMERICAL MODEL
The object of modelling is to define the temperature field within the region modelled and this is achieved by solving the 3-D heat-conduction equation (Carslaw & Jaeger 1947) Here Kij represents the thermal conductivity tensor, A is the heat production and T the required temperature field. The boundary conditions specify either Tb the temperature on a boundary, or q the normal heat flux across a boundary, where n is distance measured along the outward normal to a boundary. This problem is well posed and can be solved using the finite element (FE) technique (Lapidus & Pinder 1982) . In fact the FE method is a well-established technique in modelling geothermal areas, especially where fluid flow is a significant feature, and numerous examples of this are quoted in standard textbooks on the FE method. For cases similar to that presented here, Lee & Heyney (1974) have demonstrated the applicability of the technique by a comparison of results with analytical solutions, and 2-D finite-element modelling of heat flow has been applied to other granitic areas in the UK: the Lake District granites and the Eastern Highland granites (Wheildon et al. 1984a, b) . Also, several authors have studied the problems of conductivity anomalies in conductive heat flow, mainly using the finite-difference technique (England et al. 1980 and references cited therein).
In the F E method, the region of interest is divided up into a number of smaller elements defined in space by 'nodes' which are points of known coordinates, and within each of which the steady-state conduction equation is valid. The elements chosen here are hexahedra whose surfaces are not necessarily planar, and they can be so arranged as to produce a smooth approximation to the shape of the batholith. The hexahedra have 20 nodes each, three along each of its edges. Each element is assigned its own thermal parameters such as conductivity and heat generation, but the temperatures at the nodes are treated as unknowns. However, in order to solve the heat flow equation the variation of temperature within each element has to be specified as a polynomial whose degree depends on the type of element used; here the three nodes along each edge of an element allow temperatures to be represented by quadratic functions within it.
The computer programs used have been tested using simple problems which have analytical solutions and have been shown to predict temperatures accurate to well within the measurement errors of borehole data.
Physical parameters used in the model
Although each time the model is run it is the temperature field that is solved for, ultimately the object of the modelling is to find a combination of K&, y , z ) , A(x, y , z ) and boundary conditions that yields heat flows which match those which have been observed. Therefore the modelling proceeds in stages: the surface heat flows calculated from the modelled temperatures at each stage are compared with observed heat flows and examined for possible alterations to the model which would improve the fit. The parameters altered can include the shape form of the granite, the thermal conductivity of the rocks and their temperature dependence (which is not explicitly expressed in equation (1) but is implicitly used in assigning values of K j j to the different elements), the distribution of heat production within the region and the boundary conditions. For the surface elements the assigned values of K and A are fixed throughout the procedure at the average of the measured values of that particular rock type.
Boundary conditions
According to equation (2), boundary elements of the model have either temperatures or normal heat flows fixed along their outer surfaces. On the surface of the Earth the temperature is fixed at 10°C, which is the annual mean temperature obtained from temperature logs in heat-flow boreholes (Francis 1980) ; this is a Dirichlet-type boundary condition (2a).
The other boundaries have a Neumann-type condition (2b) where the heat flow normal to the boundary is fixed. It is assumed that the sides of the models are so remote from any lateral variations in heat production or thermal conductivity that the heat flowing across these boundaries is zero. At the base of the models a constant vertical heat flow is assumed. For the models described here the bases are 30 km below the ground level and the heat flowing across them represents the contribution to the heat flow from the mantle-an unknown quanitity. However, the heat flowheat production 'linear' relationship for England and Wales yields a 'reduced heat flow' of 27mWmP2 (Richardson & Oxburgh 1979) . The reduced heat flow is regarded as the heat flux at the base of the granite. However, this can only be true if the rate of change of heat production with depth is the same in the granite and country rock. If, as is the case here, the heat production decreases more rapidly with depth in the country rock, the reduced heat flow will be an underestimate of the flux at the base of the granite.
Calculations using various possible heat-production distributions suggest that the reduced heat flow underestimates the heat flux at the base of the granite by up to 10mWm-2. Helium isotope work in Cornwall gives an upper limit of 35 mW m-2 (Hilton et al. 1985) for the mantle heat flow. The heat flow from the base was assigned a value of 30 mW m-' here.
GEOMETRY OF THE MODELS
The geology of SW England is complex. However, due to a lack of knowledge of the properties of rocks, especially at depth, only two rock types are used in the model: the first represents the granitic intrusion, the second the country rock. The distribution of these two types is fairly well known near the surface, but for the sub-surface shape of the batholith we must rely on available geophysical data.
There is not much published seismic work in the area and seismic results have not been of much use in constraining the shape of the granites in this model. The few conclusions that can be drawn from seismics do support the idea of the granite being homogeneous down to a flat base. Bott and co-workers (Bott et al. 1970; Holder & Bott 1971) concluded from their refraction surveys in the area that the Moho was at a depth of around 27 km; there was no abrupt change in seismic velocities at the base of the batholith, which they assumed to be at 10-12 km depth, although velocities had to increase beneath that depth. A later reflection survey (Brookes et al. 1984) came to much the same conclusion, the depth to the base of the granite being estimated as between 10 and 15 km. The BIRPS & ECORS reflection lines shot in the Western Approaches were expected to show up horizontal boundaries within the batholith, but no reflectors which serve to outline the batholith can be identified (BIRPS & ECORS 1986 ).
The initial model was based on Tombs' gravity model of the batholith (tombs 1977). The final model ( Fig. 2) was not very different, the depth to the base of the granite being the only parameter that had to be modified. This is further discussed in the section on results.
The regional model covers an area of 475 x 350 km2 and is 30km deep. It includes the whole of the Cornubian batholith as modelled by Tombs (1977) . The detailed model covers an area of 144 x 108 km2 and is again 30 km deep, being centred on the Carnmenellis outcrop but including the Land's End and St Austell plutons. To keep computing costs within reasonable limits, the total number of elements in each model was restricted to about 1000, which means that there are regions in the models where the shape of the granites are only coarsely approximated, the approximations being much better in the case of the detailed model. It is therefore to be expected that the results from the regional model will indicate only broad features of the heat flow field.
ROCK PROPERTIES
The properties of rocks that are required for modelling are thermal conductivities and heat-genertion values. Some data are available from measurements on surface samples and samples taken from heat-flow boreholes (Francis 1980) , but these are necessarily confined to relatively shallow depths. Moreover, the variation of these properties with depth is not known reliably for the relevant rock types. which is bound to introduce uncertainties in modelling. Thus it is necessary to treat them as variables in the initial stages of iterative modelling.
It is the variation of thermal conductivity with temperature only that has been taken into account in this work; the pressure-dependence of conductivity has been ignored here because it is a smaller-order phenomenon, and even less well documented than temperature-dependence. There is general agreement that the temperaturedependence of conductivity over the range of temperatures of interest can be represented by the equation
where K ( T ) is the conductivity at T, the absolute temperature and LY and / 3 are constants (Sartori 1983 ). However, the quoted values of the constants vary widely even within one rock type (Francis 1980) , and hardly any experimental data exist for Cornish granites except for a few samples from Troon (Sartori 1983) , so a different approach was adopted here.
The procedure was, in fact, to estimate LY and B from the heat-flow data within the 2 km deep HDR boreholes, where the conductivity variations with temperature are significant within the depth of the boreholes. If data from different depths in a borehole are used to calculate surface heat flows (i.e. heat flows corrected for heat generation and palaeoclimate to the appropriate depth) the value should be a constant for a homogeneous medium, whereas a systematically varying conductivity should produce a corresponding trend in heat flows (Sams & Thomas-Betts 1986 ). The combination of values for LY and B which gives the best results over the depth of the borehole is chosen by trial and error and used in assigning conductivites to elements. The method assumes, of course, that the systematic variation in heat flows is caused solely by the temperature-dependence of conductivity.
Heat flow calculations in the two 2 km deep boreholes in the Cammenellis pluton suggest an LY value of between 320 and 400 for granite. The value for / 3 was chosen such that K(298) equalled the average of all the measured values for granite, i.e. 3.2Wm-'K-l, 298K being the absolute temperature at which all the thermal conductivities were determined in the laboratory. These values are close to the experimental data. Sartori's data from Troon give LY = 413, whereas values ranging between 213 and 688 have been quoted for other granites. The lowest of the calculated values for LY was used as this would tend to underestimate temperatures at depth.
As there were no data available for the country rock, the same value of LY was assumed for this also and p was chosen as before to give K(298) the value of 2.3 Wm-lK-'. However, the conductivities to be assigned to country rock elements do present a source of uncertainty even for the surface elements, let alone elements at depth. The problem has many facets, but mainly arises from the non-availability of good quality data.
There is no experimental evidence to suggest any particular pattern of variation in heat production with depth in the granites of SW England. In fact, the data from the 2 km holes indicate a remarkably constant distribution of heat production to that depth (Withers 1984) . Also it is obvious that a conventional exponential decay model would be unsuitable for this region because of the great thickness of granite that would be required to produce the observed high heat flows. Here again, the practice was to treat this as a parameter which could be altered in the iterations, and in the final model heat production was assumed to be uniform throughout the batholith at 5 x W m-3 to a depth of 3 km and 6 X 10V6 W m-3 below that depth.
RESULTS
The final choice of a model from which temperature predictions are obtained is based on the quality of the overall agreement between observed and calculated heat flows over the region. It is important to note that since the models assume a horizontal top surface and do not include any topography the values of heat flows obtained from them must be compared only with heat flow measurements which have been corrected for topography and palaeoclimate.
The model
The parameters of heat production and thermal conductivity which were used in the final models are shown in Table 1 . The heat production remains fairly constant within the batholith, but there is an overall decrease in heat production with depth in the country rock. The idea that heat generation does not decrease exponentially within granites (Lachenbruch 1970 ) is not new. For instance, Sawka & Chappell (1986) conclude that for peraluminous S-type granites no significant change in the concentrations of heat-producing elements should occur with depth. Also, Richardson & Oxburgh (1978) , in their general review of heat flow and heat production in England and Wales, come to the conclusion that 'heat production is less fractionated in the upper crust underlying England and Wales than in the axial zones of orogenic belts characterised by high grade metamorphism and magmatism.' They suggest that the reason for this is the relatively small lengths of time available for fractionation because of their intrusion as small cupolas into cool country rock. The small increase in heat production at a depth of 3 km in the model has no significance: it is simply a result of fixing the surface heat production at 5 x W mP3 (approximately the average value of all surface measurements) and the depth to the base of the granite at 15 km. It would make no noticeable difference to the calculated heat flows if, say, a constant heat production of just over 5 x lo-' W mp3 were used at all depths within the granite. The choice of thermal conductivites was governed by measured data available. A small increase, say 10 per cent, in the thermal conductivity of the country rock can produce decreases in granite heat flows of more than 10units and, correspondingly, an overall degradation in the match between modelled and measured heat flows, and in sub-surface temperature at the one available measurement at 2 km (at the HDR site). An increase in heat production would have to be invoked to restore the quality of match, which would have other consequences for the pattern of heat flows. Thus the combination of heat production and conductivity values inferred appears to be optimum within the constraints of experimental data.
The shape of the batholith was the other parameter to be investigated before a model was finalized. As mentioned earlier, although Tombs' model of the region with the base of the granite sloping up towards the surface to the SW was the starting point, the final model has a flat bottom with the granite extending to the same depth under Land's End as it does under Dartmoor. This modification accounts for the high heat flows observed on the Land's End pluton, without having to enhance the heat generation in that region abnormally. After these models had been developed, a new gravity interpretation of the region was reported, which also claims a flat base to the granite (Willis-Richards 1986), the main difference between the two gravity models being the nature of the regional gradient removed before the anomaly due to the batholith was interpreted.
Heat flow patterns
The modelled heat flow values are shown as contour maps in from the different number of elements that were used to represent the granites in the two cases. For example, in the regional model there are only five depth intervals, with the surface elements having a depth of 3 km (compared to eight intervals in the detailed model, with surface elements 1 km deep). This means that variations within the first few kilometres cannot be represented accurately within the model. Thus the northern limb of the Carnmellis pluton has had to be modelled as an outcrop, the small granite outcrop in the Kit Hill area ignored altogether and the St Austell outcrop represented by one element only. The rather complicated pattern of modelled heat flows on the Cammenellis (evident in the detailed model) is strongly controlled by the shapes of the sub-surface granites, the details of which have been lost in the regional model. them is very good, considering the simplicity of the models used. It is worth noting that any error in the modelled values will be due to the errors in the choice of the physical parameters, compared to which the errors in numerical modelling are insignificant. The measurement errors in heat flows depend upon a variety of factors and can be quite large; this is discussed later.
The 26 granite sites show a mean percentage difference between observed and calculated values of 3.1 with a standard deviation of 2.24. (If the water-disturbed hole, site 17, is omitted from the calculation, the agreement is even better.) For the 13 country-rock sites the agreement is not quite so good, 13.9 and 8.7 (respectively) for the mean percentage difference and standard deviation while the overall result for the 39 sites is a mean percentage deviation of 6.7 with a standard deviation of 7.4.
The remarkable agreement for granite sites is due to the homogeneity of the granite itself. Not only does this mean that the granites are represented more accurately by the simple models used, but also that the heat flows measured in the granites are likely to be subject to fewer errors than those in the country rock. For instance, in and around Rosemanowes Quarry, the HDR site, there are five heat-flow measurements available in the granite which agree to within f 2.3 mW m-'.
The comparatively poorer match over the country rock could be due to any of several reasons discussed below. It could be suggested that the model lacked sophistication in that it did not admit lateral variations which obviously exist within the rock types, especially in the country rock. It was felt, however, that there was no justification for attempting to introduce lateral variations in country rock properties because of the large uncertainties associated with them: the measured country rock conductivites, for example, have a large standard deviation (nearly four times as high as that in granites, and varying by as much as 5 W m-l K-' in 100 m in the Bovey Tracey borehole) as can be seen from Appendix A. In any case, it can be shown that lateral variations on a small scale will hardly affect the general pattern of heat flows: models where the country rock elements are assigned the measured conductivity values as available show no overall improvement in the match of data and actually produce a poorer match for some country rock sites. The effect of lateral conductivity variations on sub-surface temperatures is rather more significant, but cannot be used in constraining the model because of the lack of experimental data.
The most important source of the discrepancy between modelled and individual measured values of heat flow, if it is purely conductive as assumed, would appear to be the errors of measurement, and the largest source of error in heat-flow measurements is undoubtedly the uncertainties of thermal conductivity (compared to which incorrect palaeoclimate correction and other temperature effects are quite small). The conductivity values obtained in granites in SW England show remarkably low variablities whereas those in country rock have large variabilities even within the same borehole. Hence the country rock heat flows also have larger uncertainties, and indeed, the mismatch between measured and modelled values mostly lie within the bounds of uncertainty as can be seen from Fig. 5 , which is a plot of the mismatch in heat flows against the standard deviations in conductivities, with the two straight lines representing the s.d. in heat flows that can be expected from the observed s.d. in conductivities, assuming a temperature gradient of 30 "C km-'.
The different lithologies intersected by the country-rock boreholes will obviously account for some of the variations in conductivities and this is allowed for as far as possible in the methods of routine heat flow determinations. However, the nature of sampling for conductivity determinations is such that there will be residual errors and these will be more significant in the shallower holes. For example, the agreement is quite good at Wilsey Down (Site 35) despite the large conductivity variations within the hole because it is nearly 700 m deep, and so also for Gaverigan (Site 30,328 m deep), whilst most other country-rock holes used in this study were 150m or less. Of the other sites where the modelled results do not correlate well with the standard deviation in conductivity measurements, Wheal Jane (Site 31) is known to be a water-disturbed country rock hole and Soussons Wood (Site 17) is in highly altered granite. For a granite hole, Browngelly (Site 9) is anomalous, giving a mismatch of nearly 9 per cent; this is almost certainly due to the result being obtained from the coarser grid of the regional model, though some alteration of the granite at depth is also a possibility.
The detailed model allows a more realistic comparison with the observed data (Fig. 4) , since the number of elements used not only allows a more accurate representation of the shape of the batholith, but also enables the model to achieve variations in the surface heat flow of an order equivalent to that in the measured data. A comparison between a profile extracted from the model and the data (Fig. 6) shows again how good the match is, especially over the outcrop. Figure 6 also gives a comparison of heat flows predicted by 2-D and 3-D models using approximately the same parameters. On the granite the heat flow measurements are reliable enough (as mentioned earlier) to state that the discrepancies between the observed and modelled values are significant, and not simply due to measurement errors. The inability of the 2-D model to predict the detailed variation of heat flow on the profile, despite the larger number of elements used, is therefore significant and highlights the importance of the 3-D nature of the temperature field in this region. The reason for the 3-D model providing the detail on the profile is apparent from Fig. 4 , where the profile line can be seen to cross the complicated pattern generated by the sub-surface northern extension of the pluton and the small Godolphin outcrop to the SW.
Lateral heat flow
The results demonstrate how the surface heat flow pattern is controlled by the 3-D variation of heat production and thermal conductivity. The fact that the batholith tapers towards the surface, combined with the relatively high thermal conductivity of the granite, causes heat to be refracted in from the country rock, towards the outcrops (Richardson & Oxburgh 1979; England et al. 1980) . However, the effect of the higher heat production within the granite can be expected to set up gradients promoting heat flow out of the granite because, at equivalent depths, the granite is hotter than the country rock (Jaupart 1983) . Thus there are two opposing effects in operation near the edges of the granite and the dominance of one over the other is dependent on all three parameters: the shape form, and the degree of contrast in conductivity and heat production. The effect of the refraction of heat should manifest itself in the form of narrow bands of high heat flow outlining the edges of the plutons. In fact, these areas of enhanced heat flow occur only along some portions of the edges and it is noticeable that these regions are all aligned with the axis of the batholith (Fig. 3) . The dissipation of heat from the granite, which works in opposition to the refraction of heat, will dominate wherever the area of contact between granite and country rock is extensive, the greater the area of contact the greater being the heat loss. So those portions of the outcrops which face away from the centre of the batholith will have a reduced heat flow. Thus on Cammenellis for example, which crops out entirely to the south of the axis, the heat flows on the southern edge are about 30mWm-* less than along the northern edge (Fig. 4) .
Heat flow and minerahation
Another interesting feature of the heat-flow maps is the coincidence of the highest heat flow regions with the locations of known mineralization. Fehn (1985) suggests that the ore-bearing, upward-moving arms of convection cells will be located at granite-country rock contact zones. Indeed many of the mineralized lodes do occur close to the contacts as inferred from outcrops (Fig. 7) . However, the distribution of the lodes is by no means uniform around the margins of outcrops, some edges being more susceptible to mineralization than others: for example, the NW contacts of Cammenellis and the Godolphin mass, the S edge of Bodmin and the W edge of Dartmoor. In fact most of the mineralized lodes (Dines 1956 ) are located, in both granites and country rocks, where the highest heat flows, and hence the highest surface temperature gradients, occur. It is believed that these areas could have acted preferentially as foci for the upward-moving limbs of hydrothermal convection cells. The possible location of convection cells is being investigated at present by the authors and preliminary results indicate that in some of the mineralized regions at least (e.g. Wheal Jane) local convection cells could now exist. Dines (1956) interprets the mineralized regions in terms of numerous centres of 'emanation'; the correlation between these and possible fluid flow patterns for different permeabilities, and different heat flow regimes which could have existed in the past, requires further study.
Temperature predictions
Another possible way of assessing the model results is to compare the observed and measured temperatures at depth. Figures 8 and 9 show the temperatures predicted at depths of 2 and 6 km, respectively, beneath the Carnmenellis pluton from the detailed model. Again a difficulty arises from the dearth of temperature measurements at depth available for comparison.
The two deep holes at Rosemanowes Quarry drilled for the hot dry rock project have been of great use in the comparison of temperatures. After correction for topography and palaeoclimate (which is an essential pre-requisite for a valid comparison), the observed temperatures at 2 km for the two wells RHll and RH12 are 80.85 and 80.86"C, respectively (Camborne School of Mines Geothermal Energy Report 1984) , which compare favourably with the model temperature of 80.8 "C for the same depth.
It is worth noting that temperature predictions are highly dependent on model parameters. The deeper the region of temperature predictions the more pronounced will be the effect of changing the parameters. In fact, the temperature fields presented in Figs 8 and 9 are likely to be underestimates because of the values of the parameters of conductivity and heat production chosen for the final model. The conductivity decreases with increasing temperature, the rate of decrease depending on the constant a in equation (3). The value of cr used here lies towards the lower end of the range of values quoted in the literature, giving the conductivities at depth relatively high values and leading to temperature gradients that are smaller than they might be. The slight increase in heat production with depth assumed in this model also tends to diminish the temperatures at depth.
From the predicted temperature distribution at depth it is apparent that the highest temperatures in Carnmenellis at 2km do not occur at the present HDR site (Fig. 8) , the temperatures being about 18 "C higher in the region. to the north of the site, towards St Agnes. This high is evidently produced by the sub-surface shape of the granite with its prominent northward extension which is overlain by a thin layer of insulating country rock. The highest temperatures at a depth of 6 km occur towards the centre of the batholith as a whole and where there is a substantial thickness of country rock overlying the granite (Fig. 9 ). This region is NE of the 
CONCLUSIONS
A simple 3-D model of the temperature field associated with the Carnmenellis pluton has been produced. The model consists of only two rock types, yet there is good agreement between modelled and observed heat flows. The remarkably good match over the granite outcrops suggests that beneath the weathered layer at the surface the granite is highly homogeneous. The poorer match with the heat flows measured in the country rock could be partly due to the over-simplification of its thermal conductivities in the model. However, a detailed examination of the measured values indicates that the under-sampling of thermal conductivities in complicated structures would have produced uncertainties in heat flows similar in magnitude to the observed differences. Thus, within the limitations of the experimental data, the use of just one country-rock thermal conductivity (the mean of all the observed values) seems to produce a reasonable approximation to the insulation and refraction effects caused by conductivity contrasts.
The parameters used in the final model indicate that the pattern of heat flows can be explained on the assumption that the heat production remains virtually constant within the batholith, but that there is a decrease in heat production with depth in the country rock. The more widely accepted model of heat production decreasing exponentially with depth is found to be irreconcilable with the heat-flow data from SW England; but the constant heat-production model adopted here is consistent with some of the recent data for peraluminous S-type granites.
The model also suggests that the batholith has a relatively flat base and that it is not wedge-shaped, thinning towards Land's End, as suggested by Tombs' gravity model. If this is not so, the heat production in the southwestern part of the batholith would have to be raised to much larger values-larger than anywhere else in the batholith and larger than observed values-to obtain a reasonably good agreement between the measured and modelled values.
The modelled temperatures are controlled by the space form of the granite, as are the heat flows. The regions of highest heat flow are in the granite, towards the axis of the batholith, where the effect of the lateral outflow of heat due to the higher heat production is insignificant. The highest surface-temperature gradients in both granite and country rock coincide with the zones of mineralization. Highest temperatures at depth tend to occur towards the centre of the batholith and beneath areas where there is country-rock cover.
Finally, conduction, as the sole mode of transport of heat, seems to be adequate to explain the broad features of the heat-flow pattern in this region, at least to the degree of accuracy achieved in this work. present HDR site, towards Newquay. The maximum predicted temperature at 6km in this region is just over 220°C, a figure higher than the minimum required for economic exploitation of geothermal energy by the HDR method (Downing & Gray 1985) . 
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